factor, SZ cells were grown alone and the resulting conditioned media (SZ-CM) was collected daily and added to cultures of DZ cells to determine its effect on mineralization. To examine the role of FGF signalling in regulating mineralization, DZ cells were treated with FGF-18 (10ng/mL), or CM supplemented with an FGF-receptor inhibitor (PD173074 60nM) in MIM. Calcium and phosphate contents were determined biochemically. Representative tissues were fixed in formalin and embedded in paraffin. Sections were stained with Von kossa. Polyphosphate (PP) was visualized by staining un-waxed histological sections with DAPI, which shifts the emission spectra to the yellowgreen range when it binds to PP. PP was quantified following extraction from the tissues by measurement of phosphate levels after alkaline phosphatase digestion. A minimum of three independent experiments were performed and each condition was done in duplicate or triplicate. Results are expressed as mean ± standard error of the mean and analysed using a one-way analysis of variance followed by Tukey's post hoc test. Statistical significance was assigned at p < 0.05. Results: Side by side co-culture of DZ cells with SZ cells inhibited DZ mineralization, compared to co-culture with DZ, as demonstrated by significantly decreased calcium and phosphate content and decreased mineral deposits observed by Von Kossa staining. Treatment with SZ-CM inhibited DZ mineralization, resulting in significantly less calcium and phosphate content compared to treatment with DZ-CM suggesting that the cells were producing a soluble factor. SZ-CM was unable to inhibit mineralization after heat treatment or trypsin digestion, suggesting that the factor is a protein. Polyphosphate was present within the matrix of tissue grown in non-mineralizing conditions, and staining diminished in mineralized tissue. Polyphosphate levels were significantly higher in cartilage co-cultured with SZ cells, compared to DZ cells. FGF-18 has been shown to attenuate hypertrophic differentiation and we investigated whether this might be the factor responsible for influencing mineralization. Treatment of DZ cells with FGF-18 mimicked the effects of the SZ-CM, with significantly less mineralization and more polyphosphate accumulation within the tissue. Furthermore, treatment of DZ cells with SZ-CM in the presence of the FGF-receptor inhibitor rescued mineralization, and significantly reduced polyphosphate accumulation within cartilage formed by DZC. Conclusions: SZ cells release a soluble factor, likely a protein as it is sensitive to heat treatment and trypsin digestion, that inhibits mineralization of cartilage formed by DZ cells by up-regulating PP. Further investigation is required to determine if SZ cells secrete a factor that directly or indirectly, by up-regulating FGF-18 expression, inhibits mineralization of cartilage formed by DZC, and whether a single factor or combination of factors is required.
Purpose: Chondrocytes that produce the appropriate cartilage matrix are required for cell based repair of articular cartilage. Passaged chondrocytes, a potential cell source for such applications, are FDA approved and are favored over stem cell counterparts as they display articular cartilage (interzone) progenitor characteristics and do not readily undergo hypertrophy. However while culturing chondrocytes in monolayer facilitates the proliferation necessary for cell number expansion, it results in dedifferentiation, a process involving actin stress fibre formation. Actin can modulate gene expression through myocardin related transcription factor (MRTF) and its association with the serum response factor (SRF). Globular (g)-actin associates with MRTF but this interaction is lost when actin polymerizes to form filamentous (f)-actin. We previously showed that actin can regulate MRTF and fibroblast matrix gene expression in passaged chondrocytes. The hypothesis of this study is that actin regulatory pathways modulate chondrocyte dedifferentiation and that depolymerization contributes to redifferentiation. Methods: Chondrocytes harvested from bovine articular cartilage were expanded in 2D monolayer on polystyrene to obtain passage two (P2) cells. To induce actin depolymerization, P2 cells were treated with latrunculin B (LB). To probe MRTF or SRF gene regulation, P2 cells were nucleofected with MRTF or SRF siRNA. To induce redifferentiation, P2 chondrocytes were cultured in high density 3D culture by seeding cells within 8mm diameter agarose molds (4.0 x 10^4 cells/mm^2). Cells were maintained in redifferentiation media (DMEM þ insulin-transferrin-selenium þ dexamethasone þ ascorbic acid) for up to 20 days. Actin organization and MRTF localization was visualized through immunocytochemical staining and confocal microscopy. For protein isolation, total protein was harvested by RIPA extraction, G-to f-actin separation was performed through differential triton solubility, and cytoplasmic and nuclear portions were separated using NE-PER reagent kit. Protein analysis was performed using Western Blots followed by densitometry. RNA was extracted using TRIzol and gene expression was examined using qRT-PCR and gene specific primers. 3-4 independent experiments were performed in at least triplicate. Statistical comparisons were assessed using a student t-test or ANOVA followed by tukey's post-hoc. Results: Compared to primary (P0), P2 cells had decreased expression of chondrogenic (sox9, aggrecan (acan), collagen 2 (col2) but increased expression of proliferation marker cyclin D1 (ccnd1), fibroblast matrix (collagen type 1 (col1), tenascin c (tnc)) and contractile (alpha smooth muscle actin (asma) and transgelin (tagln)) gene levels. Passaging resulted in a steady increase in total actin, actin polymerization, and MRTF nuclear localization over time. Actin depolymerization by LB resulted in cytoplasmic MRTF localization. LB also reduced ccnd1, col1, asma, tagln and col2 but elevated sox9 and acan gene levels. MRTF knockdown repressed col1, tnc, asma, tagln and col2, increased sox9 and acan, and had no effect on ccnd1. SRF knockdown had similar effects to MRTF knockdown but col1 and col2 expression was not affected suggesting that MRTF may regulate these genes independent of SRF. Culture of cells in 3D led to actin depolymerisation and mimicked the effect LB had on cells in 2D culture. The effects of 3D culture were apparent within 2 days. Although 3D culture initially decreased col2 by 2 days, which does not favor redifferentiation, col2 steadily increased from day 2 to 20. After 20 days of 3D culture cells were positive for col2 and aggrecan but not col1. Conclusions: Monolayer culture results in actin polymerization that leads to dedifferentiation as it promotes proliferation, fibroblast matrix, and contractile gene expression and suppresses chondrogenic gene expression. Our data suggests that regulation of this process is complex but involves the MRTFa-SRF signalling pathway. Actin depolymerisation and reversal of this signalling mediates redifferentiation of passaged cells. Understanding the regulation of redifferentiation could lead to the use of articular chondrocytes as a cell source to repair damaged articular cartilage. 
